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Introduction: Exposure to second-hand smoke (SHS) in pregnancy leads to an increased risk 
of stillbirths, congenital malformations and low birth weight. There is a lack of evidence 
about how best to achieve reductions in SHS exposure among non-smoking pregnant women. 
This work systematically reviews individual or household interventions to reduce pregnant 
women’s exposure to SHS. 
Methods: MEDLINE, EMBASE and CINAHL databases were searched from their dates of 
inception to 17th April 2019. Studies were included if: participants were non-smoking 
pregnant women; involved an intervention to reduce SHS exposure or encourage partner 
quitting; and measured SHS exposure of pregnant women and/or recorded quit rates among 
partners. The UK National Institute for Health & Care Excellence (NICE) Quality Appraisal 
checklist was used to determine internal and external validity. 
Results: Nine studies met the inclusion criteria. Educational interventions were primarily 
targeted at the pregnant woman to change her or others’ behaviour, with only two studies 
involving the partner who smoked. Intervention delivery was mixed, spanning brief 
discussions through to more involving sessions with role play. The effective interventions 
involved multiple follow-ups. There was no standardised method of assessing exposure to 
SHS. Many of the included studies had moderate to high risk of bias. 
Conclusion: There is mixed evidence for interventions aimed at reducing pregnant women’s 
exposure to SHS, though multi-component interventions seem to be more effective. The 
effectiveness of family-centred approaches involving creating smoke-free homes alongside 
partner smoking cessation, perhaps involving pharmacological support and/or financial 





• Measures to protect non-smoking pregnant women from second-hand smoke tend to 
place the responsibility for ‘avoidance’ on the woman. 
• There is little work that seeks to involve the smoking partner or other smokers in 
protecting pregnant women from SHS. 
• Interventions to create smoke-free homes and/or smoking partner cessation need to be 











The deleterious effects of active smoking to the pregnant woman and her unborn child have 
been demonstrated in various studies. These include: increased risks of premature delivery 
[1]; low birth weight babies [2]; certain congenital anomalies [3]; foetal death [4]; and 
pregnancy complications such as placenta praevia, placenta abruption and premature rupture 
of membranes [5-6]. 
 
Studies have also shown that exposure of non-smoking pregnant women to second-hand 
smoke (SHS) may also be linked to negative health effects including pre-term birth [7], a 30-
40 gram reduction in birth weight [8-9] and increased risk of still births and congenital 
malformations [9-11]. Analysis of the impact of introducing smoke-free public spaces in 
England in 2007 suggests that there may be an association between population reductions in 
SHS exposure and a 7.8% reduction in stillbirth, a 3.9% reduction in low birth weight, and a 
7.6% reduction in neonatal mortality [12] with similar data showing reductions in pregnancy 
complications after smoke-free legislation in Scotland [13].  
 
The mechanisms of harm by SHS to the foetus are similar to those by active maternal 
smoking and include exposure of the foetus to toxins from tobacco smoke such as nicotine 
and carbon monoxide through the placenta and amniotic fluid [14].  Nicotine causes 
narrowing of blood vessels reducing blood flow to the foetus [15]. In addition, foetal 
haemoglobin easily binds to carbon monoxide further disrupting oxygen supply to foetal 
tissues [14]. Exposure during pregnancy to fine particulate (PM2.5) – a major component of 
SHS – has also been associated with infant mortality [16] and development of wheeze and 
asthma in children [17]. PM2.5 is also strongly linked to hypertensive disorders in pregnancy 
 
 
with the associated risks to the health of the foetus [18]. A review by Amegah and colleagues 
in 2014 [19] showed a strong association between combustion of solid fuels at home and an 
increased risk of both low birth weight and stillbirth providing further evidence that exposure 
to PM2.5 is likely to be detrimental to the foetus. 
 
Pregnant women who relapse to smoking after quitting during pregnancy and those who 
persistently smoke during pregnancy are more likely to be those who live with a smoking 
partner or family member [20-21]. Reducing exposure of pregnant women to SHS will not 
only reduce health risks to them and their unborn babies, but can also influence and sustain 
their quit decisions [22]. Providing a smoke-free home for the mother and child can be an 
important stepping stone to successful quitting for anyone who smokes in the home [23]. 
 
While the prevalence of pregnant women who smoke in the UK is under 11%, the proportion 
of pregnant women exposed to SHS is much higher [24]. A 2016 study of 10,768 UK 
mothers reported that 22.5% lived with a smoking partner during pregnancy [20].  
 
More generally it is estimated that 31% of women (15 years and above) in high income 
countries are exposed to SHS [25]. A recent analysis of health data from over 37,000 women 
across 30 low- and middle-income countries (LMICs) indicated that prevalence of daily SHS 
exposure during pregnancy ranged from 6% in Nigeria to over 70% in Armenia, and was 
greater than active tobacco use in pregnancy in all LMICs studied [26]. In these countries 





The WHO recommendations [27] for the prevention and management of tobacco use and 
SHS exposure in pregnancy include screening and identification of pregnant women exposed 
to SHS, psychosocial intervention, and establishing smoke-free public places especially 
hospitals. This report also identified gaps in available evidence and suggested areas of focus 
for future research which included ‘how best to approach and engage the partners of pregnant 
women, and other household members to decrease tobacco use among family members and 
subsequently reduce SHS exposure in homes for pregnant women [27]. This was further 
raised in a recent research workshop that brought together scientists and practitioners 
working on smoke-free homes in the UK, Malaysia and Bangladesh. Participants highlighted 
that interventions should be delivered at a household level rather than specifically targeting 
women, particularly in Asian countries where male smoking prevalence is many times higher 
than female smoking rates [28]. 
 
A systematic review [29] of pharmacological and psychosocial interventions for reducing 
SHS exposure among pregnant women, was unable to make firm conclusions on the 
effectiveness of interventions on reducing SHS exposure due to design weaknesses in the 
included studies. This review will update the latter, whose search for evidence was in January 
2013, although the inclusion criteria are narrower. The aim of this review is to identify and 
examine individual and household level interventions aimed at reducing the exposure of non-
smoking pregnant women to SHS with a view to providing an evidence base for the 
development of best policy and practice globally. This review was informed by the PRISMA 








The literature was systematically reviewed with inclusion criteria stipulated in advance. 
Studies were included if participants were non-smoking pregnant women who were the focus 
of any intervention (either targeted at them or their partner) to reduce their SHS exposure 
and/or encourage partner quitting. Interventions were broadly defined as engagement 
involving one or more of: counselling, motivational interviewing, awareness raising, 
educational feedback, and Nicotine Replacement Therapy (NRT). Included studies had to use 
randomised control, quasi-experimental or pre-/post-test designs, and contain reports of some 
indicator of the exposure of the pregnant women to SHS (through self-report, markers of SHS 
air concentrations, or biological markers such as salivary, urinary or serum cotinine) or 
recorded smoking quit rates among partners. No publication date or language restrictions 
were imposed. However, a post hoc decision was made at the full-text screening stage to 
exclude two non-English language papers that the team were unable to translate themselves. 
Both papers had been reviewed in another English-language systematic review [31]. 
 
MEDLINE, CINAHL, and EMBASE databases were searched from their dates of inception 
to October 11, 2017 with combinations of the following search terms: passive, indirect, 
secondhand, second hand, second-hand, environmental tobacco, smok*, SHS, ETS, partner, 
spouse, husband, father, dad, paternal, pregnant, woman, mother, pregnancy, maternal, 
antenatal, initiative, intervention, action, project, demonstration project, trial, pilot, reduc*, 
exposure, harm, risk. Details of the search strategy are provided in the online supplement. 
Searches were re-run on April 17, 2019 in MEDLINE, CINAHL, and Web of Science SCI-
EXPANDED and SSCI databases from January 1, 2017 to date. Reference lists of systematic 
reviews were also checked for relevant articles [22, 29, 31-33]. Unpublished studies were 
 
 
searched via theses.com and ethos.ac.uk, and experts in the field of smoking in pregnancy 
were contacted for unpublished work.   
 
Initially, titles and abstracts were single-screened for relevance to the research objective, then 
full texts were downloaded to reference management software for assessment, with three 
authors checking the final list. A customised data extraction form was used to extract relevant 
information on study characteristics, sample, intervention, outcome measures, and results by 
one author. The extracted data were checked by a second author for errors or omissions. 
Individual studies were assessed using the UK National Institute for Health & Care 
Excellence (NICE) recommended Quality Appraisal checklist [34] which rates components 
of internal and external validity for risk of bias. Assessments were made by one author and 
results checked by a second author for errors. Any disagreements were discussed until a 
consensus was reached. Risk of bias threshold was not an inclusion criteria; all studies were 







Figure 1 provides a PRISMA diagram depicting the flow of information through the different 
phases of the systematic review. Out of 1827 search hits and records identified through other 
sources, 267 abstracts were screened for relevance to the research objective after removal of 
irrelevant titles and duplicates. A total of 38 were then selected for full text screening. 
Twenty-nine studies were then excluded: 15 as they were not carried out on a population that 
met the inclusion criteria; six due to study design or publication type; three had no relevant 
outcome measure; two did not satisfy the intervention type; two were excluded as the full 
texts were not available in English language; and one was a duplicate publication. Full details 
of excluded full-text papers and unmet criteria are provided in the online supplement. Nine 
individual studies were identified that met the inclusion criteria. 
 
Table 1 (see online supplement) presents the main characteristics and summary results of the 
included studies [35-43]. There were two studies each from China [40,43], Taiwan [36-37], 
Iran [39,42], and the USA [38,41], with one study covering centres in both Argentina and 
Uruguay [35]. In terms of design, two studies [35,43] employed a cluster randomised 
controlled design while the remaining seven [36-42] were Randomised Controlled Trials 
(RCTs).  
 
Seven of the studies [35-40,43] targeted the intervention solely at the pregnant women 
primarily through education materials, counselling or guidance around the health effects of 
SHS, and how to best avoid SHS exposure in the home or workplace. Two studies [41-42] 




The interventions delivered solely to the pregnant women typically involved advice on 
strategies on how to persuade other family members and/or partners on the benefits of a 
smoke-free home. This ‘avoidance’ advice seeks to help women to change their behaviour 
and move away from smokers, and avoid areas or rooms where smoking is taking place. 
Additional elements of such strategies involve empowering women to motivate their partners 
or other adults to create a smoke-free home or not to smoke around the woman. The 
interventions that involved the partner of the pregnant woman focussed on the benefits of 
smoking cessation [41] or changing the smoking behaviour of the man to reduce the SHS 
exposure of his pregnant partner [42]. 
 
All nine studies employed educational interventions using direct teaching or counselling, 
brochures, posters, role-play, and/or videos. One study [41] additionally offered Nicotine 
Replacement Therapy (NRT) to the pregnant woman’s smoking partner. That intervention 
also offered participants a financial incentive for the smoking partner through biochemically 
validated abstinence. Six studies provided detail on the duration of the intervention and this 
ranged from the initial advice taking 2-3 minutes followed by reminders lasting about 90 
seconds [40], through to much more intensive sessions lasting 15-20 minutes [39], 30-45 
minutes [42], 36 +/- 15 minutes [38] or 50 minutes [36-37].  
 
Methods of assessing intervention effectiveness were mixed, with outcome measures ranging 
from self-reported SHS exposure by the pregnant woman [35-38,42-43], the number of 
cigarettes smoked by their partner [39-40,42-43], and reports of their smoking cessation [40-
41], through to biochemical markers of the pregnant woman’s exposure to SHS through 
salivary cotinine [38] or hair nicotine [43]. Several studies used more than one outcome 
measure. Seven of the nine included studies recruited, or took baseline measures from, 
 
 
women in the first trimester [36-37,39,42-43] and first or second trimester [40-41]  of their 
pregnancy.   For these studies, the longest follow-up measures that were taken after the 
intervention varied from 1 or 2 months later [36-37,42], to between 3 and 5 months later 
[39,40], to 6 months later [43] and birth [41]. The eighth study compared results taken in the 
second trimester, before the intervention, with results taken 2 months later during the third 
trimester of their pregnancy [38]. The study with the longest follow-up period in the nine 
included studies, compared women’s recall of exposure to SHS during pregnancy collected 
after birth, with data collected 12-18 months after the baseline SHS exposure measures [35]. 
 
Interventions were primarily carried out in health care settings usually centred around the 
pregnant woman’s visit to ante-natal care [35-40,43]. All of the interventions were face-to-
face and delivered either in a one-to-one exchange [35-42] or in a group setting [37,43]. 
Three of the interventions involved follow-up telephone calls [36,41,43], one provided text 
messages [42], and five studies carried out in-person repeat or reminder sessions [38-41,43].  
 
Where intervention theory models were provided these were: diffusion of innovation theory 
[35], expanded health belief model [36-37,39,42], the trans-theoretical model [38] or the 
social cognitive theory following the teachable moment model [41].  
 
In terms of study quality only two papers [38,43] were considered to be at low risk of bias 
(internal validity), and only two [35, 43] were deemed to be generalizable to the source 
population (external validity). The assessment of study validity (both internal and external) is 
provided in Table 1 (see online supplement). Most of the studies did not report blinding or 
concealment of allocation and did not give much information about how and why the study 
 
 
population was selected. Study-specific reasons for risk of bias are provided in the online 
supplement. 
 
Seven of the included studies – six where the SHS intervention targeted pregnant women [36-
40,43] and one that targeted partners who smoked [42] – reported effective interventions 
when compared to the control groups. (Two of these seven studies were rated as having high 
internal validity [38,43], three were rated as having potential sources of bias [36-37,40] and 
two as having poor internal validity [39,42], based on the descriptions of the study in the 
papers.) Only two of the included studies [35,41] reported no statistically significant 
difference between intervention and control group in the primary outcome measure. Of the 
ineffective SHS interventions, one was targeted at non-smoking pregnant women [35] (with 
the study’s design rated as having poor internal validity) and the other at couples where the 
partner smoked [41] (with the study’s design rated as having some potential sources of bias). 
It should be noted that the latter two studies had some of the longest time periods between 





This review shows that there is limited research evidence on how to protect non-smoking 
pregnant women from the known harmful effects of SHS exposure. Nine intervention studies 
were identified and while the studies spanned the globe from the USA, Argentina/Uruguay, 
Iran, Taiwan, and China there was a notable lack of published research from Europe, 




The majority of SHS interventions identified in this review have targeted non-smoking 
pregnant women [35-40, 43], with very little work carried out to directly change the 
behaviours of smoking partners or other adults who smoke in the home or workplace of 
pregnant women [41-42]. From an exposure science perspective the concept of controlling 
harmful emissions at source is always preferable to introducing measures to reduce 
concentrations or personal exposures once the hazard is generated: applying this to pregnant 
women and SHS would see partners encouraged to quit smoking or, at a minimum, 
implement rules around having a smoke-free home. 
 
The review demonstrates a lack of international agreement on how best to assess non-
smoking pregnant women’s exposure to SHS in RCTs. Outcome measures in the studies 
identified were highly variable and there is no standard research tool to assess pre- and post-
intervention exposure. Self-report of exposure or of the number of cigarettes smoked by a 
partner are likely to be subject to considerable bias [44]. Objective measures such as salivary 
cotinine are expensive and involve time consuming laboratory analysis [45]. Intervention 
studies of smoke-free homes have utilised methods that combine the measure of airborne 
markers of SHS in the home with an educational intervention about the effect of smoking on 
household air quality [46-48], and this approach may be useful for future work on protecting 
non-smoking pregnant women from SHS.  
 
The results of the review and the mixed evidence of effectiveness in terms of various 
intervention approaches demonstrate that there is no clear factor that evidently helps reduce 
pregnant women’s exposure to SHS. Most interventions have used educational approaches 
delivered by health professionals in health care settings with a variety of messages and 
materials. Seven of the nine identified studies lay the responsibility for SHS 
 
 
avoidance/reduction solely on the non-smoking pregnant woman at a time of life when she 
has many other concerns and responsibilities, and may not feel she is in a position to dictate 
behaviour change to her partner or other smoking adults around her. There is a need for 
educational approaches that are household or family centred involving all adults living with 
the non-smoking pregnant woman. Only one intervention has investigated [41] the provision 
of pharmacological support to smoking partners in the form of NRT, and only one (the same) 
intervention [41] considered the advantages of financial incentives for smoking partners to 
quit smoking. Future work is required to examine the potential effectiveness of NRT support 
(both for creating a smoke-free home and for cessation purposes) and/or financial incentives 
in helping to reduce the exposure of non-smoking pregnant women to SHS.  
 
Evidence from this review suggests that educational approaches may be more effective when 
delivered in groups than individually. Counselling should be carried out by trained health 
professionals and early enough in pregnancy to achieve the desired effect of reduced risks of 
harm to foetus and pregnancy complications. The content of the educational message for 
pregnant women and their partners should be the creation of smoke-free homes and 
avoidance of SHS, emphasising that “there is no safe level of SHS exposure” [27]. It is also 
important for the woman to know that practices like opening windows do not solve the 
problem of SHS exposure [10] and that SHS can remain in the air for many hours after a 
cigarette is smoked [49]. Follow-up by phone, email or text message may also be useful to 
remind and encourage women to keep their homes smoke-free. Dherani et al. [32] 
comprehensively reviewed interventions targeted at men attempting to change their smoking 
behaviours where their pregnant partner was the agent of change, including some of the 
studies reviewed here, and found none met all the generalisability, feasibility, and scalability 
 
 
criteria. These criteria are important to identify and understand what works and how, within 
intervention components. 
 
Brown and colleagues’ review [50] of interventions to create smoke-free homes in families 
with young children identified the need for approaches that are both tailored and targeted to 
specific populations and highlighted the need to target the social and psychodynamics of the 
family. A Cochrane review of family programmes for reducing children’s exposure to SHS 
[51] recently reported that the scientific evidence around effective interventions was of low 
or very low quality and that the features of interventions that were effective were generally 
poorly understood. Recent work [52] has also identified that there is little understanding of 
the barriers and facilitators that fathers experience in creating a smoke-free home, and that 
there is a need for research to improve insight into fathers’ roles  in creating and maintaining 
a smoke-free home to protect their children and partners from SHS. A father or partner-
inclusive rather than a purely mother-led intervention around SHS exposure is likely to 
benefit the entire household, improve gender equity, and change social norms. 
 
Partners should be counselled to quit smoking or at least make the home smoke-free and 
supported in their attempts to provide a smoke-free living environment. The potential for 
accessible and affordable NRT to help with such changes in smoking behaviour should be 
studied. Multiple telephone follow-ups may be necessary to keep their motivation and 
address any barriers or hindrances. Interventions should be delivered directly to partners 
through the health professionals and not through pregnant women. Since it is common in 
some countries for partners to be present at the woman’s first ultrasound or pregnancy 
booking appointment this opportunity may be useful to advise partners about cessation and 




The current review has focussed on interventions aimed at the individual or household level. 
Policy or population level approaches are also likely to play an important role in protecting 
non-smoking pregnant women from the harms of SHS. These include measures such as 
smoke-free public spaces which have been shown to be highly effective in reducing both the 
proportion of non-smoking adults exposed to SHS and the intensity of that exposure. Recent 
work [53] examining population salivary cotinine data in Scotland has shown that the 
proportion of adult non-smokers with measurable cotinine on any given day has reduced from 
nearly 88% in 1998 to less than 19% in 2016; and the concentration of cotinine in the saliva 
of the non-smoking population has reduced by over 97%. Policy measures to reduce general 
smoking prevalence through tools such as taxation, pricing, and plain packaging; smoke-free 
legislation to reduce the number of enclosed public spaces where non-smokers are exposed to 
SHS; and mass media campaigns to reduce the acceptability of smoking at home, have all 
played a role in these reductions. There is a need to test the potential effectiveness of 
population level mass media interventions centred round the societal responsibility to protect 
pregnant women from SHS. Further focus on such population level policies can help to drive 
down the exposure of pregnant women to SHS. 
 
Strengths and limitations of the review 
Strengths of the review are that it was designed to encompass global evidence, updating the 
previous reviews (although Chinese exclusions are acknowledged), to provide a simple, 
narrative summary of experimental studies of household and individual level interventions to 
reduce pregnant non-smokers’ exposure to SHS. The review adds five further studies to an 
earlier review [29]. To ensure accuracy in the data, the review processes of data extraction 
and quality appraisals of included studies used peer-reviewed assessment tools and were 
 
 
checked by a second reviewer. The review does have limitations, however. It was limited in 
its design by single-screening studies for relevance at the titles and abstracts screening stage 
making it possible that studies of relevant SHS interventions were missed from the synthesis. 
Risk of bias was not explicitly addressed in the synthesis. In addition, through the lack of 
universal translation resources, this review introduced a language bias towards Latin script 
languages, by excluding two studies available in Chinese full text only. This geographical 
and language bias is diminished by the recent English-language review by Zhang et al. [31] 
of interventions for reducing SHS exposure among pregnant women in China which included 
the two studies. Both studies observed non-smoking pregnant women: Gao et al. 2004 (as 
cited by [31]) was an RCT evaluation of an SHS educational intervention in the 1990s 
(education from doctors and brochures) with significant results in a positive direction 
reported using subjective measures of avoidance behaviour and reporting partners’ smoking 
behaviours. Hu et al. 2011 (as cited by [31]) was a pre-test – post-test evaluation of an SHS 
educational intervention (using mass media, video, and role play) in 2011 with significant 
results in a positive direction reported using subjective measures of SHS exposure (self-
efficacy of stopping others smoking). However as a secondary data source, it was impossible 
to assess from Zhang et al. [31] whether the studies would have passed the current review’s 
full text screening criteria or not, or to assess the internal and external validity of the studies. 
It is unlikely, given the design of the latter study, as reported by [31], that it would have 
provided robust evidence, and the former has similar characteristics to other studies in the 
current review and is unlikely to have substantially altered the current review’s findings. 
 
There are limitations in the identified evidence. Owing to the substantial heterogeneity in 
SHS intervention types and exposure measures across the included studies, it was not 
possible to conduct a statistical synthesis. This made it difficult to draw instructive 
 
 
conclusions on the effectiveness of individual and household level interventions aimed at 
reducing the exposure of non-smoking pregnant women to SHS. The review shared some 
inclusion criteria and overlapping objectives with three recent systematic reviews of second-
hand smoke exposure and interventions among pregnant women, although they also included 
studies of pregnant women who were current smokers [29, 31-32], studies with no control 
groups [31,32] and studies that examined attitudes and intentions [30,31], or were restricted 




Although smoking rates in pregnancy are declining in many countries [54], SHS exposure in 
pregnancy continues to be a problem, primarily due to exposure at home by smoking partners 
and other household members. This review shows that there is limited evidence of effective 
methods to reduce non-smoking pregnant women’s exposure to SHS globally. There is a need 
for work to quantify the extent of the problem; consider where and when pregnant women are 
typically exposed to SHS; determine the source of the exposure; and identify novel 
approaches to ensure that all children are born without the disadvantages that can occur from 
being exposed to SHS in utero. Involving partners and wider society in the process of 
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